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Children’s ability to remember verbal information in correct serial order increases dramatically across the school-age years (e.g., Alloway, Gathercole, & Pickering, 2006).  Understanding the cause of this development is not only of intrinsic interest to psychologists, but also practically important given the relationship between verbal short-term memory and children’s acquisition of vocabulary (Baddeley, Gathercole, & Papagno, 1998).  In addition, verbal short-term memory is a key part of children’s working memory performance, which in turn relates to academic achievement in areas such as mathematics and reading (see Bayliss, Jarrold, Baddeley, Gunn, & Leigh, 2005; Bayliss, Jarrold, Gunn, & Baddeley, 2003).
One historically popular explanation of the developmental increase in children’s capacity for verbal short-term memory is that with age, children become better skilled at cumulatively rehearsing verbal information (e.g., Gathercole, 1998).  Cumulative or rote rehearsal is the process of maintaining verbal information by repeating the material to be remembered to oneself in serial order, either overtly or covertly.  It differs from more primitive types of subvocalization, such as simply naming a just-presented item (Locke & Fehr, 1970), and more sophisticated elaborative rehearsal strategies that seek to form long-term associations between items (see Lewandowsky & Oberauer, 2013). Cumulative rehearsal forms a central part of Baddeley’s (1986) model of verbal short-term memory, which suggests that verbal material held in short-term memory is lost due to time-based decay of these representations.  This decay can be offset by rehearsal.  However, the effectiveness of the rehearsal process is constrained by the speed with which it can be carried out.  Because even covert rehearsal is assumed to rely on the articulatory processes that support overt production, the speed with which an individual can rehearse an item is a product of the relative length (in terms of time to articulate) of that item and the individual’s articulation rate.  Consequently, two key lines of evidence are seen as support for the role of rehearsal in verbal short-term memory in adults. First, words of a short spoken duration are more accurately recalled in verbal short-term memory tasks than words of a longer spoken duration (the word length effect; Baddeley, Thomson, & Buchanan, 1975). Second, individuals’ articulation rates are correlated with their verbal short-term memory spans (Baddeley et al., 1975; Schweickert & Boruff, 1986), such that individuals who speak more rapidly have larger spans.
This model also leads to two ways rehearsal might develop in children, with a corresponding benefit to verbal short-term memory performance.  First, rehearsal might become quantitatively more efficient as individuals’ articulation rates increase (e.g., Hulme, Thomson, Muir, & Lawrence, 1984).  Second, use of rehearsal might change qualitatively, such that young children do not use rehearsal to support recall before a certain age (Flavell, Beach, & Chinsky, 1966).  Indeed, a number of authors agree with the latter view and argue that children do not begin to rehearse before around 6 or 7 years of age (see Gathercole, 1998).  In this review, we evaluate the evidence for this claim and for the importance of rehearsal in driving the development of verbal short-term memory in general.  We argue that little evidence supports a qualitative change across childhood in the use of rehearsal in most verbal short-term memory paradigms, and that rehearsal plays little role in explaining developmental change on tasks thought to tap the verbal short-term memory component of Baddeley’s model.

A Critique of the Evidence for Time-Constrained Rehearsal in Children’s Verbal Short-Term Memory
As already noted, two apparent lines of evidence for the role of rehearsal that follow from the Baddeley model are the presence of a word length effect in immediate serial recall and a relationship between individuals’ speech rates and immediate verbal memory spans.  Therefore, by implication, the absence of either effect in young children might indicate a lack of rehearsal in that group.  
In fact, studies of the word length effect in children have shown more accurate recall of words of a short as opposed to long spoken duration in children as young as 4, provided that the material is presented aloud (Hitch, Halliday, Dodd, & Littler, 1989; Hulme, Silvester, Smith, & Muir, 1986).  Although this might appear to pose problems for the notion that children of this age do not rehearse, studies with adults have indicated that part of the word length effect arises at output, reflecting the greater forgetting that occurs during recall of a set of longer as opposed to shorter words (Cowan et al., 1992, see also Bhatarah, Ward, Smith, & Hayes, 2009).  Consequently, those who assume that the word length effect indexes rehearsal would argue that a pure measure of the use of rehearsal comes from the size of this effect under probed recall conditions, where participants are prompted to recall only a single item on the just presented list thereby limiting confounding output demands.  When tested under these conditions, only children older than 7 have shown word length effects (Allik & Siegel, 1976; Henry, 1991; Henry, Turner, Smith, & Leather, 2000; Turner, Henry, & Smith, 2000).
However, a key problem is that most studies of probed recall of the word length effect in children used shorter lists with younger children.  Probed recall is associated with very strong recency effects, and these, coupled with the relative reduction of the number of nonrecency items on shorter lists for younger participants, limit the power of such studies to observe stimulus effects in young children (Jarrold, Cocksey, & Dockerill, 2008).  As a result, the absence of a word length effect in younger children under these testing conditions does not lead to the conclusion that they are not rehearsing.
A second relevant set of findings concerns the relationship between speech rate and span. Studies with children appear consistent with the claim of a qualitative change in rehearsal status with age, as these correlations tend to be significant only for children older than 7 (see Jarrold, Cowan, Hewes, & Riby, 2004). In fact the data on speech-rate span correlations in children younger than 7 are more equivocal than is often assumed. One study found a significant relationship between these measures for 5-year-olds (Jarrold, Hewes, & Baddeley, 2000), while another reported a reliable relationship in 4-year-olds that was in the opposite direction of that seen in adults (Cowan et al., 1994). 
A plausible explanation of these equivocal findings is that the expected relationship between speech rate and span is hard to detect due to noise in the estimate of these constructs in young children and a reduced range in span scores. It is therefore premature to conclude that data linking speech rate to span indicate that young children are not rehearsing.
In addition, researchers studying adult verbal short-term memory have argued that a relationship between the spoken duration of a word and its likelihood of being remembered correctly in an immediate serial recall paradigm can be explained without recourse to rehearsal.  Crucially, words of a longer spoken duration tend to be more phonologically complex than shorter words, and necessarily contain more phonetic information.  The ease with which someone can recall words of varying phonologically complexity could underpin both the speech-rate span relationship and the word length effect (see Lewandowsky & Oberauer, 2008).  These points show that word length effects and speech-rate span relationships are far from unequivocal markers of rehearsal within the Baddeley model of short-term memory.

A Critique of an Alternative Source of Evidence for the Development of Rehearsal: Phonological Recoding
A third line of evidence to support the view that rehearsal is absent before around 7 years comes from studies of immediate serial recall of visually presented material.  The presence of a word length effect in the immediate recall of such stimuli strongly suggests that individuals are recoding these visual images in terms of their phonological labels,  then holding this phonological information in short-term memory.  Even more direct evidence for this form of recoding comes from the study of the phonological similarity effect for visually presented material.  This effect refers to the finding of less accurate recall of phonologically confusable than of phonologically dissimilar lists in short-term memory. When obtained for visually presented items, this result, clearly implies phonological recoding of this information at encoding.  Because phonological recoding presumably involves subvocal naming of the stimuli, many authors have argued that it rests on the same processes required for subvocal rehearsal (see Gathercole, 1998).  In addition, studies that have examined either the word length effect or the phonological similarity effect for visually presented material have often shown that these effects are observed only in children older than 6 or 7 years (e.g., Halliday, Hitch, Lennon, & Pettipher, 1990; Hitch et al., 1989; Palmer, 2000).
Although this argument is often used as support for the notion of a qualitative change in rehearsal status with development, it is theoretically and empirically flawed.  First, the assumption that phonological recoding equates to rehearsal is questionable on theoretical grounds (Ford & Silber, 1994).  As noted already, rehearsal is more than the naming of a single item, and typically refers to cumulative repetition of a series of items (Watkins & Peynircioğlu, 1982).  
Second, studies that have examined the phonological similarity effect for visually presented material have shown small but reliable effects when large samples of younger children are tested (Al-Namlah, Fernyhough, & Meins, 2006; Ford & Silber, 1994; Henry, Messer, Luger-Klein, & Crane, 2012; Tam, Jarrold, Baddeley, & Sabatos-DeVito, 2010).  One explanation of this overall pattern of data is that phonological similarity exerts a proportional cost on recall (Beaman, Neath, & Surprenant, 2008).  If phonological similarity effects are proportional, then the smaller overall recall capacity of younger children will mean that these effects are small in absolute terms and will be hard to detect without appropriately large sample sizes.  Indeed, the age differences typically observed in children for the absolute size of the phonological similarity effect tend to disappear under proportional scoring (Ford & Silber, 1994; Jarrold & Citroën, 2012; Tam et al., 2010).  These data strongly imply that children’s ability to recode visually presented information into a phonological form does not change qualitatively after age 5, ruling out this line of support for a qualitative change in the use of rehearsal around 7.

Evidence Against a Causal Role for Rehearsal in the Development of Verbal Short-Term Memory Performance
The evidence we have reviewed calls into question three key lines of argument that are usually advanced to support the view that change in, use of rehearsal underpins verbal short-term memory development in children.  In addition, an important counterpoint against the view that the efficiency of rehearsal might undergo gradual quantitative development in childhood is evidence suggesting that children do not have time to rehearse in immediate serial recall tasks.  One study examined the time 4- and 8-year-olds took to repeat words without any memory load and the time taken to recall these words in the context of a verbal short-term memory task (Cowan et al., 1994).  In the absence of any memory load, 4- and 8-year-olds took approximately 1000 ms and 500 ms respectively to articulate a short word.  In the recall task, although children paused to prepare their responses in the recall task, the duration of such pauses was too brief to allow for a full rehearsal of the list.  Indeed, 4-year-olds had spans of between 2.8 and 3.3 items, despite delaying their response by a time sufficient for them to rehearse only 1.7 short words.  Similarly, 8-year-olds had spans of between 3.9 and 4.4 items, even though they delayed the initiation of recall by an amount that allowed them to recall only 2.5 short words.  The investigators concluded  that “there was far too little time either in the preparatory interval or between words in the response for subjects to have rehearsed the entire list” (pp. 245-246) and concluded that this preparatory delay reflected motor planning processes rather than list rehearsal.
It remains possible that individuals may subvocalize initial list items during the presentation of later items rather than simply waiting until the end of the list to rehearse all of the memoranda prior to recall.  However, this selective subvocalization of a subset of initial items does not amount to cumulative rehearsal of the whole list and cannot maintain the order of all of the to-be-remembered information.  It is therefore a strategy that is more likely to be used in free recall tasks (e.g., Lehmann & Hasselhorn, 2010, 2012; Tan & Ward, 2000), in which, typically, many more items than an individual can immediately recall are presented, rather than in short-term memory paradigms, which require the child to attempt to remember all of the presented items.  Young children engage in some form of subvocalization during the presentation of information when presentation rates are slow (e.g., 1 item every 5 or 6 seconds; Garrity, 1975; Locke & Fehr, 1970), but the standard presentation rate for most tests of verbal short-term memory function in children is much more rapid (typically 1 item per second).  Under these time constraints, young children could not engage in any cumulative rehearsal between the presentations of successive items.  Consequently, adopting this approach would lead to the child rehearsing some items during the presentation of others, with a necessary cost of dividing attention on the encoding of the latter stimuli.  Nevertheless, children’s short-term memory performance on standard tasks that use such rapid presentation rates shows substantial developmental improvement.

Conclusion 
The points we have presented call into question much of the evidence used  to argue that rehearsal is a driver of age-related change in immediate verbal short-term memory. There are also additional reasons for thinking that rehearsal does not play a major role in the development of this ability.  Nevertheless, we must qualify this conclusion with two final points.  First, this position does not preclude a role for speech-related processes other than rehearsal.  Speech rate correlates with immediate memory span in both adults and children, and even if this reflects the impact of the phonological complexity of the memoranda or the time taken to recall these items, developmental changes in speech rate could drive age-related improvements in short-term memory performance.  However, this would reflect the impact of changes in the efficiency of speech-related processes at recall, not in processes associated with maintaining items during presentation.
Second, we certainly do not rule out a role for rehearsal in tasks other than those traditionally used to measure verbal short-term memory.  Developmental changes in rehearsal efficiency or rehearsal status cannot account for changes in immediate serial recall performance because rehearsal is not required when one recalls a list of just presented items immediately, at least when the presentation rate of those items is reasonably rapid as is commonly the case.  However, in situations in which individuals have to maintain information during an interval, rehearsal could be employed. It has been argued that rehearsal plays no causal role in maintaining information in correct serial order during a maintenance interval (Lewandowsky and Oberauer, 2013), partly because rehearsal risks damaging recall performance through the propagation of repetition errors with every additional rehearsal.  Our position is somewhat different in that we expect that, during a maintenance period, individuals attempt to rehearse only the information they can successfully remember.  In other words, an individual’s rehearsal capacity is constrained by, and may in fact be secondary to, his or her recall capacity (cf. Laming, 2006).  We therefore posit that children may rehearse a subset of the presented items in free recall tasks or during the maintenance interval in delayed recall tasks, and suggest that this behavior can be seen in young children, most tellingly in studies using electromyographical recordings of subvocalisations (e.g., Garrity, 1975).
This leaves open the question of whether changes in rehearsal efficiency (Tam et al., 2010) or rehearsal status (Flavell et al., 1966) constrain development on such tasks. We predict that any age-related variance in performance on these delayed recall tasks that is associated with rehearsal development would not be shared with age-related variance in immediate serial recall performance since the latter does not depend on rehearsal. 
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